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Abstract
Background and objectives An important component of
efficient and high-quality treatment of patients under DRG
conditions is the control of patients’ length of stay in
hospitals. Medical processes need to be structured in such a
way that unnecessary extensions of the length of stay are
avoided, thus achieving an economically and qualitatively
optimal result. The study presented here examines the
question of whether the introduction of length-of-stay-
oriented case management can optimize the duration of
patients' hospital stays.
Methods In total, 168 inpatient cases and their matched
control cases from the cardiology and urology stations of a
maximum care hospital are examined in this study.
Results The result of the t-test for the difference of means
indicates that the average length of stay of the intervention
cases (5.79 days) was significantly shorter than the average
length of stay of the control cases (7.34 days). With respect
to the re-admission rate, a statistically significant depen-
dence could not be determined.
Discussion and conclusion The operationalization of case
management in daily clinical routines was tested by a
comprehensive survey. Length-of-stay-oriented case man-
agement provides transparency of the entire treatment
process and integrates procedures to an optimal extent.
However, the doctor's sovereignty over therapy is not
affected by the introduction of length-of-stay-oriented case
management. Hence, the form of case management pre-
sented here serves as a new and innovative control and
monitoring system for hospitals, as it makes institutions that
implement such a system more competitive through the
improvement of economical aspects as well as through the
introduction of higher process efficiency.
Keywords Case management . Length of stay . Reduction .
Hospital . Process optimization . Controlling
Introduction
With the introduction of the lump sum-based reimburse-
ment model in German hospitals (G-DRG) in 2003, the
stimulus and competitive structure in this market have
fundamentally changed. The realignment within the Ger-
man hospital system has led to a stronger orientation among
individual market participants towards economic as well as
qualitative criteria.
An important component of an efficient and high-quality
treatment under DRG conditions is the control of inpa-
tients’ lengths of stay in a hospital. Compared inernation-
ally, the duration of inpatient stay in German hospitals is
rather high, taking into account the haziness inherent in
such considerations (OECD 2006). As a matter of fact,
excessively long turnaround times, caused by unsynchro-
nized processes, do not lead to any—or only to marginal—
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additional revenue under the currently valid reimbursement
system. Additionally, those turnaround times block valuable
resources for the treatment of other patients. It is undeni-
ably important to avoid (short) inpatient stays below the
lower length-of-stay threshold in order to circumvent a
threatened revenue reduction that could occur, but also on
the other hand to avoid the danger of a medically induced
re-admission of a patient. Therefore, within the context of
maximum patient satisfaction, one must not lose sight of
economic considerations or of qualitative aspects.
Generally, a patient is looking for a hospital stay that is
as short as possible. Hence, medical processes should also
be structured in such a way that unnecessary extensions of
hospital stays can be avoided in order to achieve an optimal
result, both economically and qualitatively. A commensu-
rate control of the treatment process can be described as
case management.
The term case management originated in the USA and
dates back to the second half of the nineteenth century
(Olivas et al. 1989a, b; Ethridge 1991; Tahan 1998). Apart
from various existing definitions (Cudney 2002; Zander
2002), the internationally most widely used description
characterizes case management as a “collaborative process
of assessment, planning, implementation, coordination,
monitoring and evaluation” of health services with the
objective “to fulfill the health needs of an individual
through communication and the provision of resources,
and to ensure high-quality and cost-effective treatment
successes” (Powell and Ignatavicius 2001).
A large number of scientific investigations have already
been undertaken within the broad spectrum of case
management. Studies from within the Anglo-American
region examine the effects of case management on different
hospital indicators. Here, various studies on changes in
inpatient stays caused by case management in hospitals
have been reviewed and analyzed (Shi 1996; Bennett et al.
1997; Roddy et al. 1998; Terra 2007). Bennett et al. showed
a 50 percent reduction in length of stay by using case
management in neurology departments without affecting
the treatment quality. In another study, Roddy et al. were
able to prove a 66 percent reduction in length of stay within
a 4-year period in a vascular surgery department. Other
studies include the use of intensive care units and patient
mortalities (Walters et al. 1998), treatment costs (Woods et
al. 1992) as well as unjustified procedures and the
willingness of insurance companies to pay (Daniels 1999).
All in all, medical as well as economic effects after
introducing case management could be found (Yamamoto
and Lucey 2005).
In Germany, more recent research concerning case
management has placed strong emphasis on nursing care
and social aspects (Ewers and Schaeffer 2000; Wendt 2002;
Löcherbach 2003). However, previous investigations often
concentrated only on individual indications, specialist areas
or clinics, without developing a comprehensive system of
case management (Lehmann and Köpfer 2002; Krusch et
al. 2006).
In their investigation on institutional framework con-
ditions for the introduction of systematic case management
in hospitals, Roggenkamp et al. called for investigating
various forms of case management more closely in order to
draw conclusions about their influence on economic and
qualitative results (Roggenkamp et al. 2005). The study
presented here followed this recommendation, and we first
designed an expertise-overlapping system of case monitor-
ing that did not focus solely on one medical specialization
and that concentrated especially on parameters associated
with the duration of hospital stays. Thereafter, we consider
whether the introduction of length-of-stay–oriented case
management can optimize the stay of inpatients in a
hospital.
Method
Description of intervention
In order to standardize the control process described above,
a special form of case control was developed, length-of-
stay-oriented case management. This particular form of
case management has the objective to ensure that patients
who need to be treated within the framework conditions of
the German DRG system (G-DRG) are medicated in an
economical and at the same time very highly qualitative
way, by maintaining the optimal length of stay. The case
manager has a professional medical background (usually
nursing staff) and does not have other responsibilities
besides case management. Hence, three main tasks of
length-of-stay-oriented case management can be identified:
the avoidance of unjustified procedures, raising transparen-
cy to ensure an optimal duration of time, and efficient
discharge management. Therefore, the case manager can
make an assessment of the patient already before the onset
of any stationary treatment. This ensures compliance with
the criteria according to the Appropriateness Evaluation
Protocol (AEP) (Gertmann and Restuccia 1981). The AEP
is a standardized data entry form that helps to evaluate the
necessity of stationary treatment for patients. Hence,
reimbursement reductions by medical insurers with the
justification of non-acceptance of inpatient treatment are
avoided. Furthermore, on the very first treatment day, the
case manager generates (in close agreement with the
attending doctor) a preliminary principal diagnosis and
then supplements it as required with ancillary diagnoses
and procedures. Consequently, right from the start of a
treatment, a DRG is available for each patient. Usually, a
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diagnosis is documented in most of the hospitals in
Germany on the first day. Contrary to the new form of
length-of-stay-oriented case management, usually the hos-
pital information system is not used to group a patient's
individual DRG right from the first inpatient day. More-
over, on the first treatment day a discharge target day is
determined, based on the framework data of the respective
DRG. In order to create maximum transparency among
doctors, nursing staff and functional areas, each patient file
is given a notation daily, including the patient’s DRG, the
actual duration of the stay, lower and medium inpatient
duration limits, and the target discharge day. Within daily
consultations among all professions at the treatment station,
a patient’s actual and targeted stays are compared with each
other, and courses of action are examined. If required, new
findings on particular patients can be taken into account
with supplementary codes as well as the initialization of a
transfer of care or specific social services. After the
completion of patient treatment the case manager also
serves as contact person for the medical controlling of
health insurers, for example, in case of reimbursement
discussions (Fig. 1).
However, it must be emphasized that the described form
of case control does not cover the entire scope of the
definition given by Powell and Ignatavicius cited above.
For instance, the case manager of a normal case does not
have personal contact with the patient, but instead works in
the background. Moreover, length-of-stay-oriented case
management follows the target functions of the hospital,
and therefore it cannot be used alone as a gauge for
institution-overlapping patient control (Wissert 2006).
Study design, matching and analytical procedure
The study presented here is essentially a retrospective case
control study, taking place at the cardiology and urology
stations of a maximum care communal hospital. Those two
departments were chosen to examine a non-surgical as well
as a surgical unit. For the intervention by means of length-
of-stay-oriented case management, there was no limitation
on certain indications or TOP-DRGs within a respective
specialist area. Within the full survey and without specific
inclusion and/or exclusion criteria being defined, 259
patients with a 5-week intervention period were included
in the study. For the evaluation of the data obtained,
respective controls were added to the intervention cases. In
order to achieve the best possible matches between cases
and controls, the following parameters were included:
specialist department, DRG, patient’s co-morbidity and
complexity levels (PCCL), age (separation into four
categories: 0-14, 15-35, 36-65 and over 65) and sex. Since
the intervention was made during the calendar year 2008,
and the controls originated in part during the year 2007, all
cases were grouped together with the DRG system 2007 in
order to achieve a comparable DRG categorization between
cases and controls. For the exclusion of other, external
influences (e.g., new modern operating procedures or a
change in the attending doctor and nursing staff), the
controls were filtered out from a 6-week period before the
intervention. All data were assessed anonymously. In total,
suitable controls were assigned to 168 of the 259
intervention cases (65%), which were then used for
subsequent analysis.
In order to depict the congruence of intervention and
control cases, descriptive statistical methods were used
initially for all cases together, as well as separately for
respective specialist departments. In order to analyze the
difference in respect to a potential change of group-specific
lengths of hospital stays, a t-test was used for pairs of
observations for differences of means in the duration of
hospital stays. In addition, the Wilcoxon test was utilized as
a non-parametric procedure in order to validate the results
(Fahrmeir et al. 2001). These statistical evaluations were
done by means of the SPSS software package, version 16.0.
An indicator for the quality assessment of inpatient care
services was the re-admission rate (Kim and Soeken 2005;
Southern et al. 2007; Berenholtz et al. 2002). In order to
approximately exclude qualitatively inferior medical treat-
OCCUPANCY MANAGEMENT CODING
• Avoidance of unjustified 
occupancy by early examination 
of AEP criteria
• Disposition of bed capacities for 
emergency cases
• Coordinationof bed availabilities
• Early coding of stationary 
patients in specialist areas
• Information to doctors and 
nursing staff about target 
discharge date
• Documentation of reasons for 
non-compliance of length-of-
stay targets
• Exchange over patients with the 
MDK (medical controlling by 
health insurers)
DISCHARGE MANAGEMENT /
SOCIAL SERVICES
• Admission and bundling of 
medical, nursing and social 
anamnesis
• Focused, early inclusion of 
social services
• Ensure completion of 
application forms
Fig. 1 Tasks of the length-of-
stay-oriented case manager
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ment, the quota of returnees was also considered within the
analysis. The data were obtained through the hospital
information system, considering only re-admissions of
intervention and control cases in the hospital included in
this study.
Results
Results of the descriptive statistics method reveal that the
168 intervention cases (which could be matched with
suitable controls) consisted of 87 urology and 81 cardiol-
ogy cases (Table 1). One hundred ten of the 168
intervention cases and controls were male patients, and 58
were female. The average age for all 168 intervention
patients (68.5 years) was slightly above the average age of
the controls (66.14 years). Also the average age of the
urology (64.08 years) and the cardiology (72.32 years)
intervention patients was slightly higher in comparison to
the urology (62.21 years) and cardiology control patients
(71.46 years). A similarly high congruence existed for the
degree of severity between the case and control group, with
a slightly smaller scattering among the controls (Fig. 2).
The result of the t-test of the difference of means
showed that the average duration of hospital stays
between intervention patients (5.79 days) and the control
patients (7.34 days) was significantly different. The
duration of hospital stays could be lowered on average
by 1.55 days (p<0.001) (Table 2). Therefore, this result
shows a clear reduction in the duration of inpatient stays
after the introduction of case management.
To validate the result of the parametric analysis procedure,
an additional Wilcoxon–Test was used as a nonparametric
procedure. This test also showed a significant reduction in
the duration of hospital stays (p<0.001; not reported here).
As mentioned above, in order to approximately exclude
qualitatively inferior medical treatment, the quota of
returnees was also considered, in addition to their length
of stay. The number of patients with a renewed hospital stay
within 30 calendar days was 1.45% in the control group and
0.60% in the intervention group. By means of Fisher’s
exact test, it could be shown that re-admission was
independent of intervention and control group, respectively
(null hypothesis of independence with a p-value of 0.35
could not be rejected).
Discussion and conclusions
Studies that involve the effects of certain interventions on
the duration of the hospital stay of inpatients must ensure
the comparability of intervention and control cases. In
contrast to randomized case control studies, whereby, for
example, the population can be preselected indication-
specifically, in this study all patients that had been admitted
to the participating stations were included in the survey.
Hence, the operationalization of length-of-stay-oriented
case management was tested in daily, clinical routines,
and thus effects of selection were largely avoided. Howev-
er, to what degree the results obtained can also be utilized
in other medical specialist departments (other than cardiol-
ogy and urology) still needs to be analyzed within the scope
of further investigations. Another limitation of this study
was the concentration on one medical institution. After
designing the specific concept of length-of-stay-oriented
case management in this survey, further research projects
should be set up in different hospitals to compare the
results. These studies should also consider additional
quality indicators to ensure the findings of this survey.
By matching intervention cases with control cases that
had been selected according to criteria commonly used in
scientific studies, largely comparable study groups were
available for this study (Juni et al. 2001; Suh et al. 2000).
Because of the allocation of controls that were very close in
time to the intervention cases, factors that could influence
the study, such as doctors scheduled to attend, the treatment
and possible modifications in the area of therapy, could be
limited.
Therefore, it can be concluded that the intervention of
length-of-stay-oriented case management investigated in
this study carried out the primary task of creating
transparency in the overall treatment process and thus
integrated procedures optimally. Strikingly, the doctors'
No. No. Sex Age
M F Ø SD Min Max
Intervention cases total 168 110 58 68.05 15.59 20 97
Control cases total 169 110 58 66.14 15.13 15 96
Intervention cases urology 87 67 20 64.08 16.97 20 89
Control cases urology 87 67 20 62.21 16.30 15 95
Intervention cases cardiology 81 43 38 72.32 12.72 43 97
Control cases cardiology 81 43 38 71.46 11.46 36 96
Table 1 Results of the descrip-
tive statistics
M=male
F=female
Ø = mean
SD=standard deviation
Min=minimum
Max=maximum
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sovereignty over therapy remained unaffected, and medical
decisions were not made without them. Hence, no inpatient
was given inferior treatment because of length-of-stay-
oriented case management. What is important is the fact
that there is merely better coordination of the treatment
process with positive effects on the cost effectiveness of a
hospital. Because of the support activity of the case
manager, the doctor is relieved of administrative tasks such
as coding or documentation.
Moreover, the study discussed here was able to prove
that length-of-stay-oriented case management can lower the
hospital stay of inpatients (in the facility studied here) by
more than 21%, without increasing the number of returnees.
If one considers that this investigation only involved one
primary phase of two normal care stations of a maximum
care hospital and that the method has not yet been extended
to the entire treatment process (including, among others,
out-patient treatment and intensive care stations), as well as
to the overlap between specialist departments, the results of
the initially discussed studies by Roddy et al. (reduction of
hospital stay by about 66%) and Bennett et al. (reduction
of hospital stay by about 50%) might also be achieved here.
This applies particularly when one considers that the US
studies sometimes extended over a 4-year period, which
then facilitated the implementation of significant learning
effects in the system.
Furthermore, extrapolating the reduction in length of
stay in the specialist departments cardiology and urology
included in this study to the actual annual case numbers of
the clinics and then taking into account only that percentage
of the patient component analyzed here by means of
matching, one obtains a potential reduction of 4,301
occupancy days. With an average occupancy load of 85%,
length-of-stay-oriented case management opens up the
possibility of treating an additional (approximately) 631
patients (498 for Ǿ length-of-stay control cases, according
to Table 2) with the same capacities. The treatment of these
additional patients would create an average revenue of €
2,800 per patient for a total of € 1.76 million (€ 1.39
million) for the hospital used in this study. A number of
additional cost components that are service volume-
induced, such as the medical supplies required, need to be
taken out of the revenue and cost calculations. Existing
staff and infrastructure elements are working adequately to
capacity through the optimization of the length of inpa-
tients' hospital stays. Finally, such optimization leads to
distinctly positive operating results for the respective
clinics. However, prerequisites for this are that (1) there is
enough patient demand to fill the freed up hospital capacity
and (2) there is sufficient excess capacity among medical
and nursing staff, as well as in diagnostic and therapeutic
units, so that additional inpatients can be cared for without
staff increases and infra-structural expansions.
In case that the demand for medical services in these areas
does not permit the admission of additional patients to a clinic
or that an expansion of services within the existing funding
Table 2 The t-test results of difference of means of length of stay
No. Ø S2 ØK-l p-value
Control ceses 168 7.34 14.63 1.55*** <0.001
Intervention cases 168 5.79 15.99
No.=number
*, **, ***Mean value difference significant at 5%, 1%, 0.1%
Ø = mean value
S2 =variance
ØK-l=difference of mean values
0,00
0,50
1,00
1,50
2,00
2,50
3,00
3,50
4,00
CMI IC CMI CC CMI IC 
Cardiology
CMI CC
Cardiology
CMI IC
Urology
CMI CC
Urology
CMI = Case-Mix-Index IC = Intervention cases CC = Control cases 
Fig. 2 Degree of severity of
intervention and control cases
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system cannot be arranged with health insurance companies,
the treatment control presented here enables a reduction of
patient beds. Hence, it leads to savings on diverse cost
components with an unaffected revenue situation.
Both optimization possibilities depicted here—increased
revenue as well as providing cost reductions—lead to
additional profit contributions for the hospital and to an
increase in productivity (Kuntz et al. 2007). With foresee-
able changes in the funding to service providers in the
German health system, e.g., the introduction of monistic
financing, the generation of additional revenue would gain
successively in significance, and hospitals would thus be
able to pay for medical innovations through their own
efforts (e.g., installing expensive new medical devices or
financing building investments for process improvements).
Therefore, the type of case management presented here
provides a foundation for a monitoring and control system
of a hospital. This could make institutions that use case
management permanently competitive by improving eco-
nomic aspects and qualitative processes.
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